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 ABSTRACT 
 
       This project describes an improvement method of power quality using shunt active 
power line conditioner (APLC) for a distorted three phase supply system feeding three 
phase unbalanced non-linear load. A control algorithm is presented for an APLC to 
compensate harmonics and unbalance factor. Sensing load currents, dc bus voltages 
compute reference currents of APLC. APLC driving signals are produced with the 
reference signals via a hysteresis band current controller. The case of distorted supply 
voltage condition has been considered. The p-q theory based active power line 
conditioner degrades in case of non-ideal source voltage condition. The use of self-
tuning filter (STF) is proposed in order to improve the harmonic suppression efficiency 
of APLC. MATLAB/simulink power system toolbox is used to simulate the proposed 
system. The proposed method restricts both THD and unbalance factor of input currents 
and a power quality factor is designated which integrally reflects the two quality aspects 
(i.e., harmonic and unbalance factor) before and after compensation. Power quality factor 
improvement with the proposed shunt APLC has been verified by the simulation results. 
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INTRODUCTION 
    Electrical energy is the most efficient and popular form of energy and the modern 
society is heavily dependent on the electric supply. The life cannot be imagined without 
the supply of electricity. At the same time the quality of the electric power supplied is 
also very important for the efficient functioning of the end user equipment. 
    The term power quality became most prominent in the power sector and both the 
electric power supply company and the end users are concerned about it. The quality of 
power delivered to the consumers depends on the voltage and frequency ranges of the 
power. If there is any deviation in the voltage and frequency of the electric power 
delivered from that of the standard values then the quality of power delivered is affected.  
    Now-a-days with the advancement in technology there is a drastic improvement in the 
semi-conductor devices. With this development and advantages, the semi-conductor 
devices got a permanent place in the power sector helping to ease the control of overall 
system. Moreover, most of the loads are also semi-conductor based equipment. But the 
semi-conductor devices are non-linear in nature and draws non-linear current from the 
source. And also the semi-conductor devices are involved in power conversion, which is 
either AC to DC or from DC to AC. This power conversion contains lot of switching 
operations which may introduce discontinuity in the current. Due to this discontinuity 
and non-linearity, harmonics are present which affect the power quality delivered to the 
end user. In order to maintain the power quality delivered, the harmonics should be 
filtered out. Thus, a device named Filter is used which serves this purpose. 
    There are many filter topologies in the literature like- active, passive and hybrid. In 
this project the use of hybrid power filters for the improvement of electric power quality 
is studied and analyzed. 
1.1 LITERATURE REVIEW OF ACTIVE POWER FILTER:  
Harmonics in Power System Due to Non-Linear Loads:  
    The literature study for the thesis work starts with the location of the harmonics 
emerging because of the utilization of non-linear loads. The primary wellsprings of 
harmonic currents and voltages are because of control and energy transformation systems 
included in the power electronic devices, for example, chopper, cyclo-converter, rectifier 
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and so forth. The harmonic sources are energy transformation devices such  as power 
factor improvement and voltage controller devices of motor, traction and power 
converters, high-voltage direct-current  power converters, battery-charging systems, 
wind and solar-powered dc/ac converters, static-var compensators, direct energy devices-
fuel cells, control of heating elements storage, batteries which require dc/ac power 
converters [1]. The harmonic currents and voltages were measured utilizing an element 
indicator analyzer by M. Etezadi-Amoli, and plotted at for diverse substations [2]. 
Because of utilization of non-linear loads like chopper, rectifier and so forth the load 
current gets contorted, which is clarified pleasantly by Robert considering harmonic 
study [3]. 
Brief Introduction to Active Power Filter:  
    To lessen the harmonics expectedly inactive L–C channels were utilized and 
additionally capacitors were utilized to enhance the power factor of the ac loads. At the 
same time the aloof channels have a few drawbacks like settled recompense, vast size 
and reverberation issue. To relieve the harmonics issue, numerous exploration work 
advancement are created on the active power (APF) channels or active power line 
conditioners [4-5]  
Various Topology of Active Power Filter:  
    APLC's are essentially arranged into two sorts, specifically, single stage (2-wire  
association), three-stage (3-wire and 4-wire association) arrangements to meet the 
necessities of the nonlinear loads in the dissemination systems. Single-stage loads, for 
example,  local lights, TVs, ventilation systems, and laser printers carry on as nonlinear 
loads and reason harmonics in the power framework [6]. Numerous setups, for example, 
the active arrangement channel [7], active shunt channel [8-9], and blending of shunt and 
arrangement channel has been produced [10]. The aforementioned APLC's either focused 
around a current source inverter (CSI) with inductive energy storage or voltage source 
inverter (VSI) with capacitive energy storage devices. 
Control methodss used for Active Power Filter:  
    Planning a suitable controller for an APF is exceptionally vital. A number control 
methodologies, for example, prompt reactive power hypothesis at first created by Akagi 
et al. [11], synchronous edge d–q hypothesis [12], synchronous identification strategy 
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[13], score channel and fluffy rationale controller [32] system are utilized within the 
advancement of three-stage AFs and the entryway beats are created by current control 
method like sinusoidal beat width regulation (SPWM), triangular PWM, hysteresis 
current control procedure [14]. 
 
1.2 RESEARCH  MOTIVATION 
 
1.2.1 Power Quality Problems: 
    Amongst the power quality problems, the supply interruption is, undisputedly, 
the most severe, since it affects all equipments connected to the electrical grid. 
However other problems, as the described below and illustrated in Figure 2a to 2i, 
beyond of leading to some equipments malfunction, can also damage them: 
- Harmonic distortion: when non-linear loads are connected to the electrical grid, 
the current that flows through the lines contains harmonics, and the resulting 
voltage drops caused by the harmonics on the lines impedances causes distortion 
on the feeding voltages. 
 
Figure 1.1 - a) Harmonic distortion 
- Noise (electromagnetic interference): corresponds to high frequency 
electromagnetic noise, which can, for instance, be produced bythe fast switching 
of electronic power converters. 
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Figure 1.1 - b) Noise (electromagnetic interference) 
- Inter-harmonics: appear with the presence of current components that are not 
related to the fundamental frequency. These components can be produced by arc 
furnaces or by cyclo-converters (equipments that, being fed at 50 HZ, allow to 
synthesize output voltages and currents with inferior frequency). 
 
Figure 1.1 - c) Inter-harmonics 
- Momentary interruption: occurs, for instance, when the electrical system has 
automatic reset circuit breakers, that opens when a fault occurs, closing 
automatically after some milliseconds (and is kept closed if the short-circuit is 
extinguished). 
 
Figure1.1 - d) Momentary interruption 
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- Voltage sag: can be caused, for instance, by a momentary short-circuit at another 
branch of the same electrical system, which is eliminated after some milliseconds 
by the opening of the branch circuit breaker. 
 
Figure1.1 - e) Voltage sag 
- Voltage swell: can be caused, amongst other cases, by fault situations or by 
commutation operations of equipments connected to the electrical grid. 
 
Figure1.1 - f) Voltage swell 
- Flicker: it happens due to intermittent variations of certain loads, causing voltage 
fluctuations (which results, for instance, in oscillations on electric light intensity). 
 
Figure1.1- g) Flicker 
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- Notches: Consist in small periodic cuts on the voltage waveform, which result 
from voltage drops on the line inductances of the electrical system. These occur 
due to loads which consume currents with abrupt periodical variations (like 
rectifiers with capacitive or inductive filter). 
 
Figure1.1 - h) Notches 
- Transients: occur as a result of transitory phenomena, such as capacitor bank 
switching or atmospheric discharges. 
 
Figure1.1- i) Transients 
Harmonic "Pollution" Causes: 
    The vast majority of the problems that occur on electrical systems have its 
origins on the excessive distortion of the currents or voltages near the final 
consumer. The main cause for this phenomena, which can be regarded has a sort of 
electromagnetic environment pollution, is due to the growth of the usage of 
electronic equipment fed by the electrical grid, such as computers, printers, 
television sets, electronic ballasts for gas-discharge lamps, electronic controllers 
for different varieties of industrial loads, etc. Almost every electronic equipments, 
single-phase or three phase, embodies a rectifier circuit at its entrance, followed by 
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a commuted converter of the type DC-DC or DC-AC. One of the most usual 
rectifiers for low-power equipments is the single-phase full wave rectifier with 
capacitive filter, which has a highly distorted current consumption, as it can be 
seen on figures 3a and 3b. The current’s high harmonic content distorts the voltage 
on the loads due to the voltage drops in the electrical systems impedances. Phase 
fired controllers, widely used to control power consumption of heating systems 
and to adjust luminous intensity of lamps (dimmers), also consume currents with 
substantial harmonic content and with high-frequency electromagnetic 
interference. Even the ordinary fluorescent lamps contribute significantly for the 
presence of harmonics in the electrical grid, due to the non-linear behavior of the 
electrical discharges on the gaseous environment, and also to the ballast’s 
magnetic circuit, that can operate on the saturation region. 
 
Figure 1.2 - a) Voltage and current in a single phase rectifier with a capacitive filter 
 
Figure 1.2 - b) Harmonic of the current in input 
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Harmonic "Pollution" Effects: 
    Besides wave shape distortion, presence of harmonics on energy distribution 
lines causes problems on equipments & components of electrical system, namely: 
 Increased losses (heating), saturation, resonances, windings vibration and 
life span reduction of transformers. 
  Heating, pulsed torque, audible noise and life span reduction of rotating 
electrical machines;  
 Undue firing of power semiconductors in controlled rectifiers and voltage 
regulators;  
 Operation problems on protection relays, circuit breakers and fuses;  
Increased losses on the electrical conductors; 
  Considerable increase of the capacitor’s thermal dissipation, leading to 
dielectric deterioration; 
  Life span reduction of lamps and luminous intensity fluctuation (flicker – 
when sub-harmonics occur);  
 Errors on the energy meters and other measurement devices; 
  Electromagnetic interference in communication equipments; 
  Malfunction or operation flaws in electronic equipment connected to the 
electrical grid, such as computers, programmable logic controllers (PLCs), 
control systems commanded by microcontrollers, etc. (these devices often 
control fabrication processes). 
Real cases of problems caused by harmonics: 
    A new computation system was installed in an insurance company building. 
Once the system was turned on, the main circuit breaker opened, putting all system 
off-line. After several verifications, the engineers discovered that the interruption 
had been cause by an excessive value of current in the neutral wire of the three-
phase system. Despite the system being balanced, the neutral wire current had a 
value equal to 65% of the value of phase current, which led to the triggering of the 
circuit-breaker, since the neutral wire current relay was set to 50% of the value of 
phase current. It should be high lighted that in a balanced three-phase system, the 
neutral current must be equal to zero. However, when the current is distorted, 
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contrarily to what normally occurs, the current harmonics multiple of three are 
summed in the neutral wire, instead of canceling each other. Studies demonstrate 
that neutral currents have increased in commercial buildings. This is due to the 
growing use of electronic equipment, such as computers, printers, copiers, faxes, 
etc. Those equipments use single-phase rectifier at their entrance, which consume 
3rd order current harmonics, such as the 3rd, 9th and 15th harmonics. In order to 
avoid neutral wire heating problems, these must be oversized, or, even better, the 
3rd order harmonics must be compensated. In another documented case, an 
electrical power distribution company reported a 300kVA transformer break down, 
whose load did not exceed its rated apparent power. The transformer was replaced 
by an identical one, but it started to show the same problems shortly after. These 
transformer’s loads mainly consisted of electronic variable speed drives for 
electric motors, which current consumption has a large harmonic content. 
Nowadays, in order to avoid transformers break down, or reduced life span, it’s 
important to know the harmonic distortion of the currents delivered to the load by 
them. In function of that value, it will be applied to the transformer a power 
derrating factor (factor K). This means, in function of the harmonic distortion 
value, the rated power value of the transformer is reduced. 
1.2.2 Power Quality Problems Solutions: 
    The solution for some of the more traditional power quality problems can be 
achieved by using the following devices or equipments: 
 The UPSs (Uninterruptable Power Supplies) or emergency generators are 
the only solution for long interruptions in the electrical power supply;  
 Transient Voltage Surge Suppressors guarantee protection against transient 
phenomena which cause voltage spikes in the lines;  
 The electromagnetic interference filters guarantee that polluting equipment 
does not propagate the high frequency noise to the electrical grid;  
 Isolation transformers with electrostatic shield offer not only galvanic 
isolation, but also avoid the propagation of voltage spikes to the secondary 
winding.  
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 Ferro-resonant transformers ensure voltage regulation, as well as solve 
overvoltage problems. 
  Voltage regulation can also be ensured by means of transformers with 
several outputs, associated with a commutation electronic scheme by 
thyristors. 
Solution for harmonics problems: 
    Next, there will be presents some traditional (passive filtering) and modern (active 
filtering) solutions for the harmonic problem in equipments and electrical systems. 
Low Power (Single-phase systems): 
    The simplest passive filter consists of an inductor series connected to the entrance 
of the “polluting equipment”, which often is a rectifier with capacitive filter output 
(Figure 1.3a). This is a reliable and low cost solution. However, the inductor is bulky 
and heavy (due to the iron on its magnetic circuit), which practically limits this 
solution to low power equipments (less than 600 VA). A very frequent change made 
in the project of single-phase electronic equipment, in order to significantly reduce 
the produced harmonics, is to use a step-up DC-DC converter after de Rectifier 
Bridge (Figure 1.3b). That circuit, when correctly controlled, allows that the current 
consumed by the equipment is virtually sinusoidal, and it can be used up to the 
power usually available in single-phase outlets (about 3 KVA).  Load 
 
Figure 1.3 - Solutions to reduce the harmonics of the current in the input of the 
equipments: a) Series inductance; b) Step-up converter 
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- Medium and High Power: 
    For a long time, the electrical power distribution companies only have been 
imposing reactive power limits to the industrial consumers. The normally adopted 
solution by the industry consisted on the use of power factor correction capacitors 
banks. More recently, the problems related to the current harmonics flowing through 
the electrical grid, have forced many industrial consumers to apply harmonic 
reduction techniques based on passive filters. However, this solution presents several 
disadvantages, namely: the passive filters only filter the frequency for which they 
were previously tuned; they often need to be over dimensioned, since it is not possible 
to limit their operation to a specific load they end up absorbing harmonics from the 
surrounding electrical system; resonance phenomena may occur between the filter and 
other loads connected to the grid with unforeseeable results; sizing of passive filters 
must be coordinated with the load’s needs of reactive power and is difficult to do so, 
to avoid that the pair filter-load operate with capacitive power factor in some 
conditions. To overcome these disadvantages, there have recently been some efforts 
to develop active power filters.  
- Shunt Active Filter: 
    The Shunt Power Active Filter has the function to compensate the load currents 
harmonics, allowing also compensating the reactive power (power factor correction). 
It also allows balancing the currents on the three phases (eliminating neutral wire 
current even when 3rd harmonic exists). As it is shown on Figure 1.3, as result of the 
shunt active filter operation, the lines current becomes sinusoidal, and its amplitude 
drops, reducing losses on the wires and avoiding voltage distortion on the loads. 
Figure 1.4 presents the electrical scheme of a three-phase shunt active filter. The filter 
is basically composed by an inverter, which produces the compensation currents, and 
by its controller. 
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Figure 1.4 Shunt Active Filter 
 
 
 1.3 THESIS OBJECTIVES: 
 
1.1 THESIS OBJECTIVES: 
 
    The principle objective of this work is 
 To contrast the requisite performance of a shunt APLC to indemnify unbalanced 
non-linear loads with unbalances and current harmonics under non-ideal supply 
voltage conditions. 
 
 To analyse the supply-current unbalances and supply-current distortion, THD, 
after and before the compensation. 
 
 
 To calculate the power quality factor considering unbalances and harmonics of 
the supply current after and before the active compensation. 
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1.4 ORGANIZATION OF THESIS: 
 
    The whole thesis is organized into six chapters including introduction and each 
chapter is summarized below. 
In Chapter 2, the APLC's conceivable outcomes to enhance the electrical power quality 
are indicated. 
In Chapter 3, is exhibited the APLC power stage. The distinct topologies and its 
execution are presented. 
Chapter 4 deals with the Voltage quality factor, Power quality factor and distinct quality 
aspects measured. 
In Chapter 5, The principle shunt APF control strategies to mitigate nonlinear loads are 
detailed. 
In Chapter 6, The essential principles to pick the passive components of a converter 
system association are exhibited. These are carried out with the help of MATLAB® and 
Simulink®. 
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    Figure 6.4 represents the Simulink® block diagram. A circuit breaker allows 
switching the shunt APLC ON/OFF. The values of DC capacitors and passive filter 
elements are derived from Eqs. 
.  
Cdc= 2200 μF; Vdc= 500 V; Transf. relation 1:2; 
Loutput=17 mH; CF= 20 mF; LF= 5mH. 
 
 
Figure 6.4.Simulink® block diagram of shunt APLC 
 
 
 
     The simulation results were obtained with the help of Matlab–Simulink Power 
System Toolbox software, for a distorted three phase mains voltage with shunt APLC. 
The proposed technique has been simulated under two cases, balanced non-linear load 
and unbalanced non-linear load conditions. For a three phase balanced non-sinusoidal 
supply system using shunt APLC both cases are investigated by detailed simulation 
study. The simulation results are discussed below. 
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6.2.1 Non-ideal source voltage simulation results with p–q theory: 
 
 
 
 
 
 
 
 
 
 
  
6.2.2 Case 1: Balanced non-linear load 
      Fig: 6.6 shows the simulation results of the proposed algorithm under non-ideal 3-ø 
source voltages when balanced non-linear load is taken. The 3-øsource currents after 
compensation are sinusoidal, balanced and in phase with 3-ø source voltages. The 
instantaneous reactive power theory is feasible with self-tuning filter. After mitigation 
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the THD and unbalance factor of supply current are minimized and are presented in 
Table 6.1. 
 
 
 
Fig: 6.6. 3-ø source voltage, load current, filter current and supply current when 
balanced non-linear load is connected. 
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6.2.3 Case 2: Unbalanced non-linear load 
      Fig:6.7 shows the simulation results of the proposed algorithm under non-ideal 3-ø 
source voltages when unbalanced non-linear load is taken. The 3-øsource currents after 
compensation are sinusoidal, balanced and in phase with 3-ø source voltages. The 
instantaneous reactive power theory is feasible with self-tuning filter. After mitigation 
the THD and unbalance factor of supply current are minimized and are presented in 
Table 6.1. 
 
Fig: 6.7 Three phase Supply voltage, Load current, Compensating current and Supply 
current when unbalanced non-linear load is connected. 
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Table 6.1: Results with and without active power filter (apf) for Cases1 and 2. 
 Balanced Non-linear load Unbalanced Non-linear load 
𝑰𝑻𝑯𝑫without apf 29.17% 21.04% 
𝑰𝑻𝑯𝑫with apf 3.47% 4.64% 
𝑰𝑼𝑵𝑩without apf - 5.39% 
𝑰𝑼𝑵𝑩with apf - 0.76% 
PQFwithoutapf 85.40% 86.70% 
PQFwithapf 98.20% 97.30% 
 
6.3 Conclusion 
    The case of distorted supply voltage condition has been considered. This showed the 
concert of the p-q theory based active power line conditioner degrades in case of non-
ideal source voltage condition. The use of self-tuning filter (STF) is proposed in order to 
improve the harmonic suppression efficiency of APLC. Simulation results clarifies that 
the proposed technique can increase the performance of APLCs under non-ideal supply 
voltage conditions. 
    In this paper, a control method is presented to compensate unbalanced and harmonic 
currents. The shunt active power filter has been simulated and investigated for two cases 
i.e. for balanced and unbalanced non-linear loads. The results shows that the shunt active 
power filter compensated the harmonic and unbalanced components of the load current. 
The total harmonic distortion and unbalance factors are measured for the source current 
and power quality factor is derived considering the measured harmonics and unbalances 
of the source currents under balanced and unbalanced non-linear load conditions. The 
low level of harmonics and unbalances means the high level of Power quality factor. For 
the two cases the power quality factor has been improved. 
 
6.4 Future Scope 
 Experimental investigation can be done on shunt active power filter by designing 
a prototype model in the laboratory to demonstrate the simulation results for both 
balanced and unbalanced non-linear loads under distorted source voltage 
conditions. 
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